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Introduction
Mass migration is a global problem affecting both displaced persons, their countries of origin, and the nations that voluntarily or involuntarily receive them. The 2010 U.S. National Security Strategy recognized the domestic and international perils that refugees and the underlying causes for their dislocation represent and acknowledged that future conflicts caused by scarce resources, environmental disasters, or refugees were possible. 1 In his Congressional testimony regarding the 2010 Threat Assessment, Director of National Intelligence Dennis Blair expressed concern about the prospect of mass migration from Cuba or Haiti to the United States.
He also warned that population movements caused by climate change could have a negative impact in India, China, Southeast Asia, and Europe within 20 years, resulting in broad national security consequences for the United States. 2 The National Reconnaissance Office (NRO) stands as one of the first lines of defense against these potential catastrophes. It develops, acquires, and operates U.S. satellite systems that conduct space reconnaissance by collecting the imagery intelligence, signals intelligence, and measurement and signature intelligence required by its customers, including those in both Department of Defense (DoD) and non-DoD U.S. government agencies. 3 It thus fulfills critical requirements necessary for the formulation of national strategy.
Its national sensor systems provide the means to gather information beyond that required for military operations. 4 The 2000 congressionally-chartered National Commission for the Review of the National Reconnaissance Office recommended the NRO "focus on innovation" to preclude intelligence failures that "have a direct influence on strategic choices facing the nation." 5 The NRO should therefore initiate procedures to identify and measure triggers for mass human migration and proactively participate in interagency forums developing policy pertaining to such events. The NRO may thus promote the attainment of U.S. National security objectives by guiding the development of policy regarding mass migration, thereby enhancing its critical role in supporting the success of the National Security Strategy. An examination of the causes of mass migration and its effects, using the examples of water resources, agricultural conditions, disease, and climate change, demonstrates how remotely measurable factors may foreshadow large-scale human migration and shows that the NRO should use its findings to inform policy to prevent or mitigate such movements.
Causes of Internal and International Migration
People may freely choose to move from place to place, or they may relocate in response to duress. North became less willing to accept immigrants or asylum-seekers, who were perceived as ignoring legal entry policies, undermining national identify, or taking jobs from local workers. 9 Sociologist Susanne Schmeidl contended that state interest could prevent United Nations (UN) member nations from taking action to prevent mass migrations as they did during the 1994
Rwanda genocide. She further maintained that the concepts of "safe zones" 10 and the "right to remain" 11 could serve as means of preventing refugees from entering asylum states.
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A shift of industrial production to the South caused migration from rural areas to cities and in some cases led to the abandonment of traditional agriculture. Those unable to find jobs in urban areas forsook their homelands and sought employment in other countries, forming a base on which a continued flow of migrants built. Such a loss of residents brought changes to the country of emigration, often including an exodus of educated or professional citizens that left the home country with a larger percentage of unskilled workers. In the country of immigration, new ideas transmitted by migrants precipitated political, cultural, and social changes. 13 Some nations have chosen to adopt policies fomenting mass migration to achieve a strategic effect: "coercion predicated on the international creation, manipulation, and exploitation of migration and refugee crises." 14 Displaced persons within Iraq were vulnerable to being targeted because of their religious beliefs, identification with political parties or tribes, and cooperation with U.S. or Iraqi forces.
Those who had no family or friends to move in with were relegated to public facilities or to camps operated by the Iraqi Red Crescent Society or the Ministry of Displacement and Migration. They experienced shortages of the basic necessities of life and placed a huge burden on the communities in which they were sheltered. Iraqi refugees faced the prospect of remaining in a status similar to Palestinian refugees who have been marginalized for years. They were subject to social isolation, and many Iraqi refugee children were not attending school. 20 In early 2009, internally displaced persons in Afghanistan numbered approximately 231,000, another 278,000 former refugees had returned home, and about 3 million Afghan refugees remained in other countries. 21 The UN High Commissioner for Refugees (UNHCR) estimated that more than 5 million refugees had returned to Afghanistan since 2002, taxing the country's resources and intensifying the need for basic necessities like food, water, shelter, transportation, and a means of earning a living. Children were at risk of being forced into child labor, human trafficking, smuggling, and marriage at an early age. Reintegration into Afghan society remained difficult for those who may have spent years in Pakistan or Iran and returned in a condition of abject poverty, and many of the returnees owned no property in their native country. 22 These problems were exacerbated by continuing hostilities in Afghanistan.
As of 1 January 2008, Afghanistan and Iraq were the two top countries of origin for refugees, together being the source of 43 percent of the total number from the top ten countries.
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The difficulties encountered by refugees and displaced persons from those two nations were typical of those experienced by their counterparts around the world. States targeted by mass migrants therefore faced a variety of social and political problems, not the least of which was a commitment for resources of an unknown magnitude necessary to provide for the migrants' basic human needs for an indeterminate amount of time. In the post-9/11 world, states were also concerned that terrorists might seek to enter their borders along with refugees. 
International Migrants and Internally Displaced Persons
The UN has defined an international migrant as "any person who changes his or her country of usual residence" voluntarily or involuntarily. 25 A 1992 UN report identified internally displaced individuals as "'persons who have been forced to flee their homes suddenly or unexpectedly in large numbers, as a result of armed conflict, internal strife, systematic violations of human rights or natural or man-made disasters, and who are within the territory of their own country.'" 26 The Inter-Parliamentary Union (IPU) cited "economic hardship; social, religious and ethnic instability; rapid population growth; political repression; the threat or use of force; environmental disasters; and threat of starvation, and internal migration" as direct and indirect causes of the mass migration of humans. 27 Maintaining that it was often difficult to determine whether a particular person's reasons for migration were voluntary or involuntary, the IPU acknowledged the profound "social, economic, administrative, political and national costs" of mass migrations for both the losing and gaining nations. 28 Year after year, the number of involuntarily displaced persons continues to rise. By the end of 2004, the total population of concern as calculated by the UNHCR reached 19.2 million. That number included 9.2 million refugees, with the remainder being comprised of asylum seekers, returned refugees, internally displaced persons (IDPs), returned IDPs, stateless persons, and various other persons of concern.
IDPs alone totaled in excess of 5.4 million. 29 By the end of 2009, the worldwide total had reached 36.5 million, with 15.6 million of that number being IDPs. 30 In order to minimize the negative consequences of large-scale migrations, the United and agreed with other scholars' conclusion that early warning should be accomplished by collecting data that indicated a forced migration might occur, analyzing it, building scenarios, determining possible responses, and transmitting the information to decision makers.
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Remotely Measurable Predictors of Mass Migration
Many indicators that mass migration is imminent or that it has begun are remotely measurable. Imagery obtained from satellites and manned and unmanned aerial reconnaissance systems provides evidence of large-scale human movement by noting changes in historical patterns of population distribution. It is also particularly useful in determining changes in environmental factors-especially those driven by climate change-that provide the impetus for mass migration. In the early 1980s, scientists realized that only remote sensing by satellites could provide overall measurement of gross primary production (GPP) and net primary production (NPP) on a global scale. 34 Researchers recommended making GPP and NPP data about conditions within the biosphere available in a manner similar to the provision of weather reports. That information would provide the basis for determining the extent to which an area could support human life and in predicting desertification, deforestation, and the effects of wildfires, pollution, and climate change. The discovery of deterioration in an ecosystem could indicate the need for changes in land management policies. Professor Steven W. Running and others concluded that strategic planners could use long-term trends in NPP to measure regional declines in productive capability. For example, they noted that desertification in sub-Saharan Africa, long presumed to be due to overgrazing, in fact corresponded to precipitation levels.
They concluded that only large scale remote sensing could measure changes in vegetation on a regional level and pointed to the value of remotely observing and predicting the runoff of water, which is rapidly becoming the most limited natural resource. Running and his research team emphasized the utility of NPP data in land management, the formulation of environmental policy, and tracking changes in the biosphere. 35 Earth observation by satellites can detect potential threats to human security that may spark mass migration such as stressed water resources, adverse agricultural conditions, disease, and climate change.
Water Resources
As the world's population swells and the global mean surface temperature increases, 36 the supply of clean, safe water continues to diminish. When temperatures rise, less water is stored in glaciers and snow packs, which currently comprise 68.6 percent of the earth's total supply of fresh water and supply water for one-sixth of the world's population. 37 43 Used together these systems can predict upcoming water crises in time to allow the initiation of policies and programs designed to ameliorate the effects of shrinking water resources.
Agricultural Conditions
The 1992 Earth Summit in Rio de Janeiro identified desertification as a significant environmental and social challenge for the future. The relentless progress of desertification adversely affects the world's poorest people. Formerly arable land continues to decline in productivity due to loss of ground cover, erosion, and deterioration in soil quality. Areas subject to desertification comprise 40 percent of the global land surface and support more than one billion people. The European Space Agency sponsors DesertWatch, a satellite-based information service, to identify regions at risk for desertification in Greece, Italy, Portugal, and and assessing the effectiveness of watering. 48 The widespread employment of such technology could optimize agricultural production, allay the effects of climates change, and reduce the risk of mass migration due to food shortages.
Disease
Remote sensing has broad applications in monitoring the spread of disease, providing early warning of health emergencies, and allowing for the application of preventative measures. Remote sensing has been used extensively to provide early warning of disease. Cholera outbreaks in Bangladesh have been predicted by detecting coastal algae blooms containing
Vibrio cholerae, which serves as a food source for zooplankton that are later consumed in drinking water. 52 Forecasts using GPP data may be used to identify areas where infected mice might transmit hantavirus. Since the mouse population is directly correlated with the productivity of desert plants, satellite monitoring of the seasonal changes in vegetation can forewarn health officers of the spread of the mice into new areas the possible disease outbreaks. 53 Remote sensing has further enabled tracking of climate conditions that are favorable to disease outbreaks and to predict occurrence of diseases in new areas due to climate change in time to initiate public health actions to assuage their impact. 54 Scientists contend that the consequences of climate change on human health will be largely negative. It has already affected the transmission and geographic distribution of diseases such as malaria, dengue, diseases transmitted by ticks, cholera, and other diarrheal diseases. The proliferation of these diseases is exacerbated by human and animal migrations. 55 Disease and health issues are numbered among the push factors for human migration. Data gathered by satellites and input into geographic information systems introduces a spatial perspective on disease and comprises a valuable tool for analysis in public health and epidemiology that can used to improve public health, thus diminishing the impetus for mass migration due to disease.
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Climate Change
The 2010 National Security Strategy mandates a focus on building international relationships to combat the threat of climate change and warns that it can threaten the security of 
Policy Recommendations
Despite its focus on designing and operating U.S. reconnaissance satellites, given the profound effects that result from mass migrations, the National Reconnaissance Office should take prompt action to identify the precursors of push factors. This may be accomplished by improving targeting, processing, exploitation, and dissemination of data related to mass migrations; establishing mechanisms to enable the provision of advance warning of impending disasters; and participating in the development of response plans in coordination with social scientists, who can assist in integrating remotely collected data with information acquired by conventional means. 62 Satellite operating doctrine should be reexamined in regard to allocation considerations. Increased access should be provided to archived data to facilitate tracking change over time. During the Clinton administration, for example, the CIA allowed civilian scientists to review archived materials to identify environmental problems, and the Medea Group chartered by the National Intelligence Council in 1992 studied past satellite imagery to detect diseases in trees, track deforestation, and assess the condition of fisheries. 63 Finally, the NRO should foster an internal climate that promotes innovation in the use of existing systems, the development of new ones and their creative employment.
The United States should continue cooperation with the UN's early warning initiatives and technologies designed to monitor and identify dangers to the earth, water, and air. Sharing data from international scientific monitoring systems and enhancing training and communication networks can assist in reducing the incidence of mass migration in the event of a natural disaster. 64 At the same time, continued research into probable migration patterns will allow planners to identify the migrant populations and their likely destinations, enabling early intervention to identify potential problems and deconflict the process. 65 The collection of information including specific indicators of impending large population movement; analysis of information by attaching meaning to the indicators, placing them into context, and recognizing crisis development; formulation of best and worst-case scenarios; creation of response options;
and the communication of the result to decision makers are key steps in the process of effective early warning. 66 In her study of coercive migrations, Greenhill put forward three policy options for preventing their occurrence. First, she suggested that policymakers study historical examples of such behavior in order to avoid the pitfalls other negotiators encountered. Second, she proposed that states vulnerable to such coercion institute a farsighted public policy, sponsor education and research, and offer liberal economic aid before the threatened migration begins to limit or prevent an influx of refugees. Finally, Greenhill recommended targeted states undertake actions within the threatening state to alter internal conditions or to bring about regime change. 67 These measures are suitable for employment as preventives for impending mass migrations identified by analysis of data produced by remote sensing. By looking for early warning of factors that predispose populations to relocate in partnership with social scientists, the NRO may initiate timely policy discussions to identify the steps the U.S. should take to prevent internal or international population displacements.
Conclusion
In a new and evolving threat climate, assessing the impact of mass human migration and identifying where the next crisis will occur has assumed a new importance. Stress on water resources, degrading agricultural conditions, disease, and climate change are but four of the factors that initiate the mass population movements that adversely affect not only the migrants themselves but a globalized world. All nations are justifiably concerned about mass migration and its attendant concerns related to human smuggling and trafficking, terrorism, the costs of asylum, and the burdens refugees might impose on society. Like the four examples discussed above, many changes that presage mass migration are detectable by earth observation, which provides the data necessary to identify problem areas and plan to diminish impending humanitarian crises. The implementation of sound policies formulated in anticipation of the relocation of large numbers of people will help mitigate its effects. The 2008 National Defense Strategy calls for the United States to assist at risk nations "to defend and govern themselves" by "addressing root causes of turmoil . . .
[to] help states stabilize threatened areas." 68 Proactive planning to employ U.S. assets across the broad spectrum of capabilities will answer this call and promote the achievement of U.S. national security objectives. The National Reconnaissance
Office should therefore broaden its knowledge base concerning the events that drive and proceed from mass migrations to ensure that national assets are used optimally to inform strategic decision making.
